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SUMMARY

\ An experimentalinvestigationtodetermtiethe
ferentialinletlocationontheperformanceoftwin
typeinletswithandwithoutboundary-layerremoval

effectsof circum-
half-conicalscoop-
wasconductedat

Machnumbers1.49,1.79,and1.99t~ou~ anangle-of-attackrangefrom
00to 100. TwininletsweremountedsymmetricallyontheNACAKM-10
bodyofrevolutionatfourcircumferentiallocaticmsatthestationof
maximumdiameter.

Resultsindicatedthatforpositiveanglesofattack,higherpres-
surerecoveryperformancewasoltainedwiththeinletsmountedonthe
fuselagelowerquadrantsthanontheupperquadrants.lacreasingthe
amountofboundary-layerremovalfromzeroto ccmpleteremovalresulted
ina significantincreaseincriticalpressurerecoveryaswellas in
modelminimumdrag. Theseincreaseswhenappliedto a completemissile
configurationIndicateda substantialgaininthenetpropulsivethrust
ofthemissileovertheconfigurationwithoutboundary-layerremoval.
At zeroangleofattack,anunfavorableinterferencedragcaused
theminimumdragcoefficientsoftheconfigurationshavtiginletsat
the45°positionsofthefuselagetohe higherthanthoseofthedia-
metricallyoppositeinletconfigurations.

.

INI%ODUCTION

dataontheperformancecharacteristicsofa
beenobtainedfrominvestiaaticnsof inlets

Muchoftheavailable
scoop-tnesideinlethave
mounted-eitheronflatplatesoratfixedpositionsona specificfuse-
lage.Becauseofthepotentialcross-floweffectsendthevariable
boundary-layerthicknessalongtheperipheryofa fuselageat anglesof
attack,significanteffectsontheemgle-of-attackperformanceofan
inletcouldresult&cm changesin itsperipherallocation.
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Inorderto evaluatetheinfluenceofcircumferentiallocationon
●

theangleofattackperformanceofan inlet)an investigationwascon- ,, .+
ductedintheNACALewis8-by 6-footsupersonictunnel.A concurrent
investigationwhichwasconductedattheLangleylaboratoryisreported

.

inreference1.

Twinhalf-conicalscoop-t~einlets,mountedsymmetricallyatfour
circumferentiallocationsatthestationofmaximumdiameteroftheNACA
RM-10bodyofrevolution(ref.2),wereinvestigatedatMachnumbersof
1.99,1.79,and1.49throughanangleofatt~ckrangefr~ 0°to 10°
withandwithoutboundary-layerremovalaheadoftheinlets.Boundary----
layerremovalwasaccomplishedby employing36°bypasswedgesofheights
equaltoandtwicetheboundary-layerthicknessat zeroangleofattack.
TheReynoldsnumberebasedonthemodellength_aheadoftheinletswas
approximately17X10D.
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areusedinthisreport:

totalexternaldragcoefficientbasedonmaximumfrontalarea
ofeachconfiguration

totalexternaldragcoefficientbasedonmaximumfrontalarea
ofconfigurationwithzeroboundary-layerremoval

externalliftcoefficientbasedonmaximumfrontalareaof each
configurateion

coefficientofexternalmomentsaboutstation45 ofRM-10body,
basedonmaximumfrontalareaofeachconfigurationandover-
alllengthofRM-10body

externaldragforce

heightofwedgespacer

boundary-layerparameter

externallift force

lift-dragratio

Machnumber

massflow

totalpressure

.
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pitotpressure

distancefromcowllip

distancefromcenterlineoffuselageto centerlineofductat
ductexitstation

angleofattack

boundary-layerthickness

inletcircumferentiallocationwithrespecttobottomofRM-10
body

Subscripts:

c projectedinletcapturearea

cr critical
Ao L local
2
d z lip
Ao

0 freestream
.

2 diffuserdischargestation,17.5
“

APPARATUSANDPRCCEDURE

A photographanda schematicdiagramoftheRM-10twin-scoopinlet
configurationarepresentedinfigures1 and2. Twininletslocated
symmetricallyatfourlocationsaroundthecircumferenceoftheRM-10
bodyat station45wereinvestigated.Theinletpositionswere:
diametricallyoppositeattopandbottomofthefuselage(f3= 0°and
180°,respectively),diametricallyoppositeinthehorizontalplane
(G= 90°and270°,

A at the45°positionsofthefuselageupperquadrants
(8= 135°and225),andatthe45°positionsofthefuselagelower
quadrants(G= 45°and3150).

Detailsof theinletsarepresentedinfigure3. Theinlets,which
hada totalcaptureareaof 21.Tpercentofthebasicfuselagefrontal
area,weredesignedsothattheobliqueshockgeneratedby the25°hal.f-

* conecenterbodieswouldfallslightlyaheadof thecowllipforthe
localMachnumberaheadof theinletscorrespondingto a free-stream
Machnumberof 2.0. Swept-backsplitterplatesof78°includedangle

. havingtheirapexesalinedwiththetipsoftheconeswereemployed.
Thefloorsoftheinletsweredesignedtobe paralleltothecircular

-re”’tiw ““comer’surfaceoftheRM-10bodyof r
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at thecowlandsplitterplatejunctionswereeliminatedby useof
internalfillets.Thecornerfilletsweretaperedfromzeroradiusat
thelipstationto a l/4-inchradiusat inletstation1 andremained
constantto inletstation24.5.Thecowlingcrosssectionwasgradually
changedfroma nearlysector-shapedsectionof 1.33-inchradiusat the
lipstationtoa circularcrosssectionof 1.41-inchradiusat theinlet
station24.5.Theareavariationoftheinletsispresentedinfigure4.

Theboundary-layerairwasbypassedaroundtheinletsby position-
ingthemradiallyoutwardfromthebodyandinsertingthewedge-shaped
spacersof 16°includedanglebetweenthefloorsoftheinletsandthe
fuselagesurfaceoftheRM-10body(seephotograph,fig.5). Wedge
spacersof 0.375-inchand0.750-inchheightswereemployedto obtainthe
boundary-layerparametersh/5 of1.0and2.0,respectively,as deter-
minedbypreliminaryflowsurveysoftheboundarylayerat zeroangle
ofattack.Thesewedgespacerswerealinedwiththetipsoftheswept-
backsplitterplates(fig.5). Thethicknessesofthe0.375-inchand
0.750-inchbypasswedgeswereincreaseddownstreamofthelipstation-
tomaintainthealinementshowninthetable-offigure2. Thecondition
of zeroboundary-layerremovalwasobtainedby placingtheinletsdirectly
ontheRl&10body. Withthezeroboundary-layer-removalconfiguration,
spacerswereusedat therearoftheRM-10bodyforalinementpurposes.

A preliminarysurvey oftheflowconditionsat theinletlip(sta-
tion45 oftheRM-10body)wasconductedto determinetheboundary-layer
thicknessaroundthecircumferenceoftheRM-10body. Theresultsof
thissurveyarepresentedas contourmapsinfigures6 and7. Localto
free-streamtotal-pressureratiosat zeroangleofattackarepresented
infigure6. Theboundary-layerthickness5 atzeroangleofattack
wasestimatedtobe 0.375inchatfree-streamMachnumbersof 1.99and
1.49.ThelocalMachnumberat thelipstation,correspondingtothe
free-streamMachnumberof1.99,wasapproximately2.06.Angleof
attackresultsarepresentedinfigure7 as contourmapsof localpitot
to free-streamtotal-pressureratios.As wouldbe expected,theboundary-
layerthickness5,representedby the@shed lines,increasedalongthe
uppersurfaceanddecreasedalongthelowersurfaceoftheRM-10bodyas
theangleofattackwasincreased.Thelobes,attributedto separation
asreportedinreferences2 and3,wereobservedat 8°and10°angleof
attack.However,smalleffectsof separationwerefoundat4° angleof
attack.Theinletpositionsforthe h = 0.375 inchconfigurations
aresuperimposedonthefiguresto indicatetheamountofboundarylayer
enteringtheinlets.

Themassflowthroughtheinletswasvariedby meansofremotely
controlledplugsattachedto themodelsting.A threecomponentinter-
nalstraingagebalance,locatedat station45,wasusedtomeasurethe
axialforcesonthemodelbutnottheforcesactingontheplugs.
Momentsandnormal.forceswerealsomeasured,bythestraingagebalance.

-—

co1=
E

●

.—
--

*

—

Pressureinstrumentationconsistingof18
4 wallstaticorificesinoneinletand4 wall

.
total-pressuretubesand
staticorificesinthe
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otherinletwaslocatedat inletstation17.5 Theaveragetotalpres-
sureat inletstation17.5wasdeterminedby anareaweightingmethod
andwasusedto calculatethemassflowsbasedona chokedexitat the
controlplugs.Themassflowspresentedarethoseobtainedfromthe
inlethavingtotal-pressureinstrumentation.Eightstaticorifices
locatedonthebaseoftheconfigurationwereusedto determinean
averagebasepressure.

DISCUSSIONCE’RESTIIIl?S

Themassflow,pressurerecovery,anddragcharacteristicsofthe
inletconfigurationsarepresentedforfree-streamMachnumbersof 1.99,
1.79,and1.49infigures8 to 11. Themass-flowratioisdefinedas
theratioofthemassflowenteringtheinletto themassflowpassing
througha free-streamtubeareaequalto theprojectedcaptureareaof
theinlet.Thedragisdefinedas thestraingagebalanceforceminus
thethrustdevelopedminusthebaseforce.Theinternalthrustisa
resultofthechangeofmomentumoftheairpassingthroughtheinlet
fromfreestreamto inletstation24.5.Baseforceswerecomputedfrom
thebaseareaandtheaveragebasepressures.Sincetheconfigurations
investigateddidnotincludewingsoran afterbody,thedragcoeffi-
cientsat anglesofattackarepresentedprimarilyto indicatethe
magnttudeoftheadditivedragsassociatedwiththeinlets.Thedrag
characteristicsoftheconfigurationwithinletshavingdifferentmass
flowsatanglesofattack(inletsat G = 0°and180°)arepresentedas

* a functionof diffuserdischargeMachnumber%“

Fora fixedwedgeheightconfigurationat allMachnumbers,scatter2 inmass-flow- pressurerecoverycharacteristicswasobtainedwith
changesininletcircumferentiallocation(seefigs.8 to 11). This
scatter,whichcouldnotbe explained,was~redominantwiththe h .
0.750inchconfiguration.Themassflow,pressurerecovery,anddrag
characteristicswereplottedagainstdiffuserdischargeMachnumberM2
as an aidindeterminingthecriticalvaluesshowninfigures8 to 11.

Themass-flowrangeforstableoperationat 0°angleofattackwas
approximately11to 17percentat a free-streamMachnumberof1.99,
regardlessofthewedgeheight.At anglesofattack,thestablerange
wasgenerallyincreasedas thewedgeheightwasincreased.Largest
stabilityrangeatanglesofattackwasobtainedwhentheinletswere
locatedat eitherthebottomor toppositions(G= 0°and1800).

ZeroAngleofAttack
B

Theeffectsofthebounikry-layerbypasswedgeheightonthecrit-
icalvaluesofthecharacteristicsoftheinletconfigurationsat zero
angle ofattackaresunnnarizedinfigure12. Sincetheonlyboundary-
layerparametersh/8 investigatedwere0,1.0,
trendsofthecurvesarenotknownandtherefore

and2.0,theexact-
dashedcumesareused.
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Withthezeroboundary-layer-removalconfigurations,extremelylow
pressurerecoverieswereobtained.A~ h/6 wazincreasedto 1.0,sub-
stantialincreasesincriticalpressurerecoveriesoccurred.Forexample,
ata Machnumberof1.99,an improvementof27percentoffree-stream
totalpressurewasobserved.ThisincreaseIn criticalpressurerecovery
correspondstoapproximatelya 32percentincreaseinthethrustofa
turbojetengine.Insignificantgainsincriticalpressurerecoverywere
realizedat a Machnumberof1.99as h/5 was increasedfrom1.0to 2.0.
Eachincreasein h/5,however,resultedin~ncreasesinthecritical
mass-flowratios.

Twodragcoefficientsarepresentedinfigure12;CD,whichis
basedonthemaximumcrosssectionalareaofeachconfiguration,and
CD’,whichisbasedonthemaximumcrosssectionalareaofthe h = O
configuration.Eachincreasein h/5 resultedinincreaseddrag
coefficientCD forallinletconfigurationswiththeexceptionofthose
withinletsinthe45°positions.Fortheseconfigurations,thedrag
coefficientremainedessentiallyconstantas h/6 wasincreasedfrom
1.0to 2.0. Becauseofanunfavorableinterferencedrag,thedrag
coefficientsCD oftheconfigurationswithinletsatthe45°positions
ofthefuselage were higherthanthoseoftheconfigurationshavinginlets
diametricallyopposite.Thelargestinterferencedragwasobtainedwith
the h/5= 1.0 configurations.At a Machnumberof 1.99and h/5= 1.0,
theminimumdragcoefficientCD oftheconfigurationshavinginletsat
the45°positionswasapproximately11percenthigherthanthoseofthe
diametricallyoppositeinletconfigurations.

.

—

—

—

.

Thenetdragpenaltyassociatedwithincreasingthebypasswedge
height,representedbythe CD’ plot,increasedwithincreasingh/5
regardlessoftheinletlocation.Thiswouldbe expectedbecauseof

●

theincreaseinconfigurationfrontalarea.At a Machnumberof 1.99,
fortheconfigurationshavinginletsdiametricallyopposite(9= 00and
180°and~ = 90°and2700),themodelminimumdragofthe h/5= 1.0
configurationwasapproxims,tely25percenthigherthanthatofthe h/5
= O configuration.Increasingh/5 from1.0to 2.0resultedina 12
percentincreaseinthemodelminimumdragoverthatofthe h/5= 1.0
configuration.The25percentriseinminimumdragoftheconfigura-
tionshavingdiametricallyoppositeinlets,dueto completeboundary-
layerremoval,correspondstoapproximatelya 7 percentincreaseinthe
minimumcruisedragofa typicalmissilesuchasreportedinreference
4. At Machnumber1.99,withtheconfigurationshavinginletsmounted
atthe45°positionsofthefuselage(8= 135°and225°andO = 45°and
3150),themodelminimumdragofthe h/5= 1.0configurationwas33
peroenthigherthanthatofthe h/5= O configuration.As the h/5
wasincreasedto 2.0,themodelminimumdragpenaltywas4 percentof
theminimumdragofthe h/8= 1.0 configuration. L–
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AngleofAttack

Theeffectofangleofattackonthecriticalpressurerecoveries
oftheinletconfigurationsispresentedinfigure13. Thesedatawill
be discussedaccordingto inletposition.

Inletmountedat 19= 0°. - At eachMachnumberandforeachwedge
heightconfiguration,thehighestpressurerecoveryperformancethrough-
outtheangleofattackrangewasobtainedwiththeinletlocatedat the
bottomofthefuselage(0= OO). Withthe h = ()confi~ration,the
criticalpressurerecoveryincreasedwithincreasingangleofattack
primarilybecauseofthedecreaseinboundary-layerthickness.Although
substantialincreasesincriticalpressurerecoveryresultedwith
increasingangleofattack,themagnitudesofthecriticalpressure
recoverieswerestillsignificantlylowerthanthoseobtainedat zero
angleofattackwiththeconfigurationsutilizingboundary-layerremoval.
Thecriticalpressurerecoveriesofthe h = 0.375and h = 0.750inch
configurationsremainedrelativelyconstantwithincreasingangleof
attackbecausetheinletsat e = 0°werealwaysoperatingat h/8
greaterthanunity(seefig.7).

Inletsmountedat 8 = 45°and315°.- Thesecondhighestpressure
recoveryperformancewasobtainedwhentheinletswere locatedatthe
45°positionsofthefuselagelowerquadrants.Withthe h = O con-
figuration,thecriticalpressurerecoveriesincreasedastheangleof

. attackwasincreasedto 3°andthenremainedessentiallyconstant.With
theconfigurationsutilizingboundary-layerremoval,thecriticalpres-
surerecoveriesdecreasedwithincreasingangleofattack.However,the
lossesinthecriticalpressurerecoveriesofthe h = 0.750 inchco-
figurationat thehigheranglesofattack(6°and10°)wereapproximately
one-halfthoseobtainedwiththe h = 0.375inchconfiguration.These
angleofattacklosseswereprobablyduetothecrossfloweffects.Thus
significantpressurerecoverylossesat anglesofattackmightbe reduced
by movingtheinletsoutwardfromthebodyflowfield.

Inletsmountedat G = 90°and270°andat G = 135°and225°.-
Largedropsincriticalpressurerecoverieswithincreasinganglgof
att:ckresultedwithallconfigurationshavinginletsat El= 90°and
270 andat 0 = 135°and225°.However,gainsinthecriticalpressure
recoveriesat anglesofattackwere realizedwitheachincreaseinthe
amountofboundarylayerremoved.

It shouldbenotedthatiftheinletslocatedat theupperand
lower45°positionsandinthehorizontalplanewere cantedwith
respecttothefuselage,thelargelossesinthepressurerecoveries

● sufferedatanglesofattackcouldbe decreased.

.
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Inletmountedat e = 180°.- Withtheinletlocatedatthetopof ●

thefuselage,significantlossesincriticalpressurerecoveriesresulted
up to 3°angleofattackwiththe h = O configurationandup to6°
angleofattackwiththe h

v
= 0.375and 0.750 inchconfigurations. —

As theangleofattackwasfurtherincreased,theperformanceofthe
configurationswasimprovedby thepresenceofthebody“separation
lobes”whichallowedmorehigh-energyairto entertheinlets(see
fig.7). At 10°angleofattack,thecriticalpressurerecoveriesof
the h = O configurationwerenearlyequaltoor slightlygreaterthan g-
thoseat 0°angleofattack.However,thecriticalpressurerecoveries E.
remainedlow,neverreachingthemagnitudeofthecriticalpressure
recoveriesoftheconfigurationsoperatingwithboundary-layerremoval
andat 0°angleofattack.

Theeffectsofangleofattackontheexternalliftcoefficient
andlift-dragratioofeachinletconfigurationarepresentedinfigures
14and15. Althoughthea%solutevaluesoftheliftcoefficientsand
lift-dragratiospresentedarenotapplicablefora completemissile
configuration,theplotsareindicativeofthetrendthatcanbe expected
whentheinletcircumferentiallocationischanged.Theexternallift
isdefinedasthedifferencebetweenthe.measuredvalueandthecomputed

L

valueoftheinternalliftcomponentofthemomentumoftheinletmass
flow.Theliftcoefficientswereessentiallyindependentofmassflow
andboundary-layerwedgeheight.Thehighestliftcoefficientsat
anglesofattackwereobtainedwiththeconfigurationhavinginlets
locatedat G = 90° andZ70°.Inorderto takeadvantageofthishigh
lift,however,thepressurerecoveriesof inletslocatedat 6 = 90° 3.—
and270°wouldhavetobe lesssensitivetochangesinanglesofattack
than-theseinletsinvestigated.Theconfigurationwithinletsat ~ = 0°
and180°(topandbottom)hadthelowestliftcoefficientsatanglesof

.

attack.Similarly,thehighestandlowestlift-dragratiosat critical
massflows(fig.5)ofthe h = 0.375 inchconfigurationwereobtained
withtheinletslocatedat G = 90° and270° andat 19= 0° and180°,
respectively.Therewasverylittletobe gainedinlift-dragratios
by selectingoneconfigurationwithinletsatthe45°positionsoverthe
other.

Theeffectofangleofattackontheexternalmomentcoefficients
at criticalmassflowsofthe h = 0.375 inchconfigurationispresented
infigure16. Theexternalmomentspresentedwerecomputedby subtracting
themomentsdueto thebaseforcesandinternalthrustsfromthemeamred
momentsat station45 oftheRM-10body. —

Itwasfoundthattheexternalmomentcoefficientsoftheconfigu-
rationhavinginletsat 6’= 0° and180° remainedessentiallyconstant
withmassflowthroughouttheangleofattackrange.Withtheinlets

e . 90°and270° andat e . 135° and225°,theexternal
a

mountedat
momentcoefficientgenerally decreasedwithdecreasingmassflows.For
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theconfigurationhavinginletsmountedat e = 45° and
nalmomentsat allanglesofattackexcept10°increased
decreasingmass
withdecreasing

flows:At 10°angle
massflows.

SUMWRYa?

—

9

315°,theexter.
slightlywith

ofattack,themomentsdecreased

RESULTS

Thefollowingresultswereobtainedfroman investigationto deter-
minetheeffectsof inletcircumferentiallocationontheangleofattack
performanceoftwinhalf-conicalscoop-typeinletswithandwithout
boundary-layerremovalmountedatfourcircumferentialpositionsat the
stationofmaximumdiameteroftheNACARM-10bodyofrevolution;

1.Thehighestpressurerecoverypetiormanceresultedwiththe
inletlocatedat thebottomofthefuselage.Thislocationwasthe
onlyinletpositionnotadverselyaffectedby increasesinangleof
attack.Thecriticalpressurerecoveriesoftheinletsutilizing
boundary-layerremovalremainedessentiallyconstantwithincreasing
angleofattack.Withthezeroboundary-layer-removalconfiguration,
thecriticalpressurerecoveries,whichwereextremelylow,increased
substantiallywithincreasingangleofattackbutneverreachedthe
zeroangleofattackcriticalpressurerecoveriesoftheinletsutiliz-
ingboundary-layerremoval.

2.Thesecondhighestpressurerecoveryperformancewasobtained
withthetwininletslocatedat the45°positionsofthefuselagelower
quadrants.Movingtheinletsto thetopof thefuselageresultedin
progressivelylargerangleofattacklossesinthecriticalpressure
recoveriesexceptfortheinletmountedat thetopofthefuselage.
Forthisexception,thepressurerecoverylosseswerereducedat the
higheranglesofattack.

3.As theboundary-layerbypasswedgeheightwasincreasedfromO
tothevalueequaltotheboundary-layerthicknessat zeroangleof
attack,significantgainsinpressurerecoverywereobtainedat any
angleofattackwithallinletconfigurations.Increasingthewedge
heightfromtheboundary-layerthicknessto twicetheboundary-layer
thicknessresultedin substantialimprovementsintheangleofattack
performanceoftheinletslocatedintheupperquadrantsof thefuse-
lage.Withtheinletslocatedat the45°positionsofthefuselage
lowerquadrants,substantialgainswereevidentonlyat thehigher
anglesofattack(6°and100).Fortheinletat thebottomofthe
fuselage,no significantgainsresultedatMachnumbersof 1.99and
1.49.

I
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4.At a Machnumberof’1.99andzeroa@le ofattack,increasing-
thebypasswedgeheightfromO to theboundary-layerthicknessresulted
ina gainincriticalpressurerecoveryequalto 27percentoffree:
streamtotalpressure.Thisincreasecorrespondstoapproximatelya
32percentincreaseinthethrustofa turbojetengine.Accompanying
thisincreaseincriticalpressurerecove~wasa 25percentincrease
inmodelminimumdragfortheconfigurationhavinginletsmounted
diametricallyopposite.Thismodeldragpenaltywouldcorrespond
to approximatelya 7 percentincreaseinthecruisedragofa
missileconfiguration.Whentheinletswerelocatedat”the45°Position
ofthefuselageupperandlowerquadrants,themodelconfigurationdrag
wasincreased33percent%ecauseof completeboundary-layerremoval.
Increasingthewedgeheightfrom1 to 2 boundary-layerthicknesses
resultedininsignificantgainsinthezeroangleofattackcritical
pressurerecoveryand12percentand4 percentdragpenaltyforthe
co~igurations havingdiametricallyoppositeinletsandinletsatthe
45 positions,respectively.

5.Highermodelminimumdragcoefficientsat zeroangleofattack
wereobtainedwiththeconfigurationshavinginletsmountedat the45°
positionsthanwiththeconfigurationshavinginletsmounteddia-
metricallyopposite.

I@wisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,July21,1953
.
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